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There are three independent molecules in the asymmetric unit 
of the title compound, Ci2Hi5Br303, two of which have 
approximate trigonal symmetry, the third being conforma- 
tionally different as it adopts near mirror symmetry. The 
crystal structure features C— H- • -Br interactions, a weak C— 
H- ■ -O hydrogen bond, tt-jt interactions [minimum ring 
centroid separation = 3.4927 (18) A] and a short Br- ■ -Br 
contact [3.5894 (5) A], resulting in a three-dimensional 
supramolecular network. 

Related literature 

For the synthesis and sample applications of the title 
compound, see: Li et al. (2005); Kim et at. (2005); Holec et al. 
(2011); Simaan et al. (2003); Whiting & Hof (2012). For 
hydrogen bonds, see: Desiraju (2002); Steiner (2002). For 
halogen bonding, see: Awwadi et al. (2006); Metrangolo & 
Resnati (2008). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C8A-H8A1- ■ BrlA 


0.98 


2.91 


3.787 (3) 


150 


C8-H8/1- ■ Brl 


0.98 


2.84 


3.702 (3) 


148 


C8-H8C- ■ ■Br2 


0.98 


2.86 


3.670 (3) 


140 


C7B-H7B2- ■ BrSB' 


0.99 


2.92 


3.665 (3) 


133 


ClO-HlOyl- ■ ■Br2 


0.98 


2.85 


3.717 (3) 


149 


C10-H10C-Br3 


0.98 


2.89 


3.673 (3) 


138 


CWA-mOD- ■ ■Br3A 


0.98 


2.78 


3.659 (4) 


149 


CIOB-HIOG- ■ ■Br2B 


0.98 


2.72 


3.606 (3) 


151 


CIOB-HIO/- ■ BrSB 


0.98 


2.86 


3.663 (3) 


140 


Cll-HllB-Ol^" 


0.99 


2.55 


3.429 (4) 


148 


C8B-H8B3- ■ BrlB 


0.98 


2.85 


3.697 (4) 


146 


C12B-H12G- ■ BrSB 


0.98 


2.83 


3.702 (3) 


149 



Symmetry codes: (i) x — 1, y, z; (ii) —x + 1, — y + 1, — z. 



Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 2012); software used to prepare 
material for publication: SHELXTL (Sheldrick, 2008). 

This work was supported by the Deutsche Forschungsge- 
meinschaft. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: ZS2251). 
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Experimental 

Crystal data 

CijHijBrjO, 
M, = 446.94- 
Triclinic, PI 
a = 9.7508 (5) A 
b = 15.0974 (7) A 
c = 16.5500 (7) A 
0? = 114.433 (2)° 
P = 92.903 (2)° 




y = 97.510 (2)° 

V = 2184.29 (18) A' 

Z = 6 

Mo Ka radiation 
jLt = 8.31 mm^' 
r = 100 K 

0.55 X 0.44 X 0.27 mm 
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l,3,5-Tris(bromomethyl)-2,4,6-trimethoxybenzene 
Niklas Koch^ Wilhelm Seichter and Monika Mazik 

Comment 

l,3,5-Tris(bromomethyl)-2,4,6-trimethoxybenzene is widely used in modem synthetic chemistry, especially in 
supramolecular, macrocyclic and materials chemistry. For example, the trisubstituted 1,3,5-trimethoxybenzene scaffold 
finds application as a building block for organogelators (Li et al., 2005), macrocyclic cage compounds (Kim et al., 2005) 
and receptors for neutral or cationic guests (Holec et al., 2011; Whiting & Hof, 2012). 

Our interest in the title compound, Ci2Hi503Br3, arises from its use in the synthesis of acyclic and macrocyclic receptors 
for biologically interesting species. This compound crystallizes in the space group P-1 with three independent molecules 
in the asymmetric unit (Fig. 1), two of which [the molecule with the C1-C6 ring and molecule B] adopt close to a 
trigonally symmetric conformation with all Br and methyl substituent groups oriented on one side of the aromatic ring 
(all cis). These molecules have a very approximate mirror symmetry (with atoms C7 — C1---C4 — 02 and C7B-C1B---C4B 
— 02B lying on the plane). The third conformational isomer (molecule A) can be described as 1,3-up, 5-down-tris- 
(bromomethyl), 2-up, 4,6-down-trimethoxybenzene. Independent molecules participate m a different manner in 
intermolecular interactions. Pairs of inversion-related molecules with trigonal symmetry form face-to-face arene 
interactions with a minimum distance of 3.4927 (18) A between the ring centroids. All molecules take part in the 
formation of C — H - Br hydrogen bonds [3.606 (3)-3.787 (3) A, Table 1]. Moreover, the distance between the bromine 
atoms Br3 and BrlA [3.5894 (5) A] and the well defined contact geometry [(9, = 112.4°, 82 = 155.1°] indicate the 
presence of a type 11 Br - Br interaction (Metrangolo & Resnati, 2008). The pattern of non-covalent intermolecular 
bonding is completed by a Cll — H--01 A hydrogen bond [3.429 (4) A]. 

Experimental 

The compound was prepared by a literature procedure with a slightly modified work-up (Li et al, 2005). 1,3,5-trimeth- 
oxybenzene (500 mg, 2.97 mmol) and paraformaldehyde (330 mg, 10.99 mmol) were finely powdered and suspended in 
5 ml of glacial acetic acid and stirred for 1 hour at room temperature, after which 3.5 ml of hydrogen bromide (30 wt % 
in HOAc) was added and the mixture stirred at 70 °C in a pressure tube for 3 hours. After cooling to room temperature 
the mixture was poured in 20 ml of destilled water and the resulting suspension was diluted with dichlormethane until a 
clear solution was obtained. After phase separation the aqueous layer was extracted twice with dichlormethane. The 
combined organic extracts were washed with water, dried over magnesium sulfate and concentrated in vacuo. The desired 
compound was obtained as a white solid after flash chromatography (Si02, CH2CI2 / hexane 7:1, 7?/ =0.23) in 29 % yield 
(380 mg, 0.85 mmol). Analysis data: m.p. = 125 °C; 'H NMR (400 MHz, CDCI3) d AAA (s, 9H, -OCH3), 4.60 (s, 6H, - 
CH2Br); "C NMR (100 MHz, CDCI3) d 22 AS, 62.66, 123.29, 160.10; HR-ESl-MS (Ci2Hi503Br3): found 468.84501 
[M+Na]+; calculated: 468.84434; Anal. Calcd (%) for CijHisOsBrs: C 32.25; H 3.38; found C 32.58; H 3.41. Suitable 
crystals of the title compound for X-ray analysis were obtained as colourless blocks by slow evaporation of a CDCI3 
solution. 
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Refinement 

H atoms were positioned geometrically and allowed to ride on their respective parent atoms, with C — H = 0.98 A and 
C/„„(H) = 1.5 f/e,(C) for methyl and C— H = 0.99 A and (7„„(H) = 1.2 U,^{C) for aryl methylene. 

Computing details 

Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT (Bmker, 2008); data reduction: SAINT (Brnkei, 2008); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farragia, 2012); software used to prepare material for 
publication: SHELXTL (Sheldrick, 2008). 




Figure 1 

Atom numbering for the three independent molecules of the title compound in the asymmetric unit, showing 50% 
probability displacement ellipsoids for the non-H atoms. 
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Figure 2 

A packing diagram of the title compound viewed down the a axis. Intermolecular contacts are shown as dashed lines. 



1,3,5-Tris(bromomethyl)-2,4,6-trimethoxybenzene 



Crystal data 




Ci2Hi5Br303 


Z=6 


M, = 446.94 


F(000) = 1296 


Triclinic, PI 


= 2.039 Mgm-3 


Hall symbol: -P 1 


Melting point: 398 K 


a = 9.7508 (5) A 


Mo Ka radiation, i = 0.71073 A 


Z>= 15.0974 (7) A 


Cell parameters from 9450 reflections 


c= 16.5500 (7) A 


6 = 2.4-29.2° 


a= 114.433 (2)° 


= 8.31 mm"' 


92.9m (2)° 


T= 100 K 


y = 97.510 (2)° 


Block, colourless 


F= 2184.29 (18) A^ 


0.55 X 0.44 X 0.27 mm 


Data collection 




Bmker APEXII CCD area-detector 


Absorption correction: multi-scan 


diffractometer 


(SADABS; Bruker, 2008) 


Radiation source: fine-focus sealed tube 


r^.n = 0.092, r„ax = 0.213 


Graphite monochromator 


44729 measured reflections 


(p and CO scans 


1 1474 independent reflections 




9330 reflections with / > 2a(I) 
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= 0.034 

^max = 28.9°, dmm = 1-5° 

= -13^13 

Refinement 

Refinement on P- 
Least-squares matrix: full 
R[F^ > 2(7(i^)] = 0.030 
wRiP") = 0.070 
5"= 1.02 

11474 reflections 
496 parameters 
0 restraints 

Primary atom site location: structure-invariant 
direct methods 



yt = -20^20 
/ = -22^21 



Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/[ct\F,^) + (0.0264Py + 3.7624P] 

where P^iFo^ + 2F,y3 

(A/ff)n^< 0.001 
Apmax= 1.17 eA"3 
Apmn = -1.10e A"' 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into accoimt individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of 7^ against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > (j(F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on 7^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


JJ- *I1J 


Brl 


1.00621 (3) 


0.53065 (2) 


0.15704(2) 


0.01897 (7) 


Br2 


0.37963 (3) 


0.50849 (2) 


0.298180(19) 


0.02310 (7) 


Br3 


0.62290 (4) 


0.84512 (2) 


0.16701 (2) 


0.02290 (7) 


01 


0.6269 (2) 


0.39201 (14) 


0.14146(13) 


0.0159 (4) 


02 


0.3537 (2) 


0.62713 (15) 


0.12679(13) 


0.0175 (4) 


03 


0.8075 (2) 


0.62276 (15) 


0.03078 (13) 


0.0175 (4) 


CI 


0.7213 (3) 


0.51009(19) 


0.08885 (16) 


0.0117(5) 


C2 


0.6141 (3) 


0.47348 (19) 


0.12529(17) 


0.0116(5) 


C3 


0.4904 (3) 


0.51168(19) 


0.13990(17) 


0.0114(5) 


C4 


0.4777 (3) 


0.5919(2) 


0.12020(17) 


0.0126 (5) 


C5 


0.5847 (3) 


0.63304(19) 


0.08661 (17) 


0.0119(5) 


C6 


0.7045 (3) 


0.5906 (2) 


0.07095 (17) 


0.0125 (5) 


C7 


0.8445 (3) 


0.4616(2) 


0.06466(18) 


0.0149 (6) 


H7A 


0.8692 


0.4604 


0.0070 


0.018* 


H7B 


0.8217 


0.3925 


0.0569 


0.018* 


C8 


0.7034 (3) 


0.4162 (2) 


0.22684 (19) 


0.0184(6) 


H8A 


0.7886 


0.4629 


0.2354 


0.028* 


H8B 


0.7278 


0.3560 


0.2285 


0.028* 


H8C 


0.6457 


0.4461 


0.2745 


0.028* 


C9 


0.3726 (3) 


0.4622 (2) 


0.16750(18) 


0.0158 (6) 


H9A 


0.3728 


0.3902 


0.1399 


0.019* 


H9B 


0.2841 


0.4738 


0.1445 


0.019* 


CIO 


0.3348 (3) 


0.6978 (2) 


0.2145 (2) 


0.0220 (6) 
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HlOA 


0.3246 


0.6650 


0.2545 


A AO 0 A 

0.033* 


lu 1 no 
HIUd 


O.ZdW 


0. /2o0 


A 0 1 AO 

0.2108 


A AO 0 * 

0.033^ 


TT1 

HIOC 


0.4160 


0.7506 


0.2378 


A AO 0 d: 

0.033* 


Cll 


0.5653 (3) 


0.7161 (2) 


0.06288 (18) 


A A1 TA 

0.0170 (6) 


TT 1 1 A 

HllA 


0.4661 


A "7 An 1 

0.7091 


A A /I 1 /I 

0.0414 


A AOA* 

0.020* 


T T 1 1 n 

HUB 


U.ozil 


A T 1 O T 

0.7133 


A A 1 1 0 

0.0138 


0.020* 


C12 


A AA1 C /')\ 

0.9015 (3) 


0.7114 (2) 


A Acre /^\ 

0.0875 (2) 


A A 1 A A /zr\ 

0.0199 (6) 


T T 1 ^ A 

H12A 


A O/T AO 


A n/io 1 

0.7681 


A AOT 

0.0826 


A AO A* 

0.030* 


T_ri 


A OO^ 1 


A n(\c(^ 
U. /UoD 




A AOA* 

0.030* 


Hi/C 


A AA1 C 


A TTAA 

0. /200 


0.1496 


A AOA* 

0.030* 


BriA 


A 1 A /'3\ 

0.49210 (3 J 


A A/I 1 /CC /1\ 

0.04165 (2) 


0.13585 / (19) 


A A1 CxCA fn\ 

0,01964 (/) 


BriA 


A 1 CAAA 

— 0.O090 (4) 


0.16662 (2) 


A 1 AiCAA 

0.10600 (3) 


A AO 0 AC {C\\ 

0.03205 (9) 


Br J A 


0.303 / 1 (4J 


0.42o1j \l) 


0.51 /03 (2) 


0.02858 (8) 


UlA 


O.z4ol (Z) 


A 1 ACAA A\ 

0.19509 (14J 


0.06502 (12) 


A A1 /C/C ( A\ 

0.0166 (4) 


U2A 


A AAzn /'IX 

0.0067 (2) 


ATI can /I c\ 

0.31567 (15) 


0.32249 (14) 


A A1 on t A\ 

0.0187 (4) 


UjA 


0.456 / (2) 


0.2/ 15 1 (15) 


0.34440 (14) 


A A 1 AA t A\ 
0.U19U (4) 


1 A 

L-iA 


U.j5oz (3 J 


U.213DU (ly) 


U.2U40U (18) 


A A 1 t C\ 

U.U12/ (5) 


CzA 


0./4zj (jj 


0.2/089 (19) 


A 1 Cyl A^ /I TX 

0.15496 (1 /) 


A A1 01 tC\ 

0.0121 (5) 


C3A 


0.1271 (3) 


0.25851 (19) 


0.19418 (17) 


0.0123 (5) 


/~^A A 
C4A 


0.1243 (3) 


A '~\0 /I A\ 

0.28472 (19) 


A '^ocn /I o\ 

0.28527 (18) 


A A 1 0 C /C\ 

0.0135 (5) 




0.2333 (j) 




A -l-l/TQ 1 /I 0\ 

0.33681 (lo) 


0.0142 (6) 


C6A 


r\ O A A'^ /■^x 

0.3492 (3) 


0.24041 (19) 


0.29556 (18) 


A A1 0 1 /C\ 

0.0131 (5) 


C7A 


A /I O'l O /O \ 

0.4828 (3) 


A 1 OAA /'*>\ 

0.1800 (2) 


0.1627 (2) 


A A 1 TZT i /1\ 

0.0176 (6) 


T TT A 1 

H7A1 


0.5665 


o.zzzz 


A '^A'J c 

0.2035 


A A'^ 1 ie. 

0.021* 


jjn A o 
rl/Az 


A AQAA 

0.4o44 


O.I006 


A 1 A/C^ 


A AO 1 ■ie. 
0.021^ 


C8A 


A 1 r\ "7 O /I \ 

0.1973 (3) 


A A A 1 C /^\ 

0.0915 (2) 


AA1111 /I 0\ 

0.01111 (18) 


A A 1 A/' / /'\ 

0.0196 (6) 


H8A1 


0.2501 


0.0526 


A AO 'I 

0.0322 


A AO AsIc 

0.029* 


TJO A T 

HoAz 


A O 1 AC 

0.2105 


0.0/56 


A AC 1 A 

—0.0514 


A AOA* 

0.029 


TTO A "5 

H8A3 


A AAC^ 

0,0982 


A f\ncn 


A A1 CA 

0.0159 


A A'^A* 

0.029* 


C9A 


A A 1 1 'I \ 

0.0112 (3) 


0.2722 (2) 


A 1 /1A/^A /1A\ 

0.14060 (19) 


A A 1 '7/' / /'\ 

0.0176 (6) 


H9A1 


0.0453 


0.2743 


0.0860 


A AO 1 sic 

0.021* 




A A1 OA 

—0.0 ISO 


0.3363 


A 1 nco 
0.1 /58 


A A'^ 1 * 

0.021* 


LlUA 


AA1'5'> / A\ 

0.0133 (4) 


0.4206 (2) 


0.3641 (2) 


0.0234 (7) 


HIOD 


0.0850 


0.4497 


0.4157 


0.035* 


T T 1 r\TJ 


—0.0/ /2 


0.4360 


A 1 0 y1 A 

0.3840 


A AO C * 

0.035* 


HIOF 


A AO >1 

0.0364 


0.4477 


A 0 ^ 1 A 

0.3210 


A AO Csk 

0.035* 


CllA 


0.2225 (3) 


0.2920 (2) 


0.43150 (18) 


A A 1 0 C ^ /'\ 

0.0185 (6) 


HllC 


A O T A A 

0.2709 


0.2451 


A A A AC\ 

0.4449 


A AO 0 A 

0.022* 


TT 1 1 T^ 


A 1 n 1 

0.1232 


A noA 

0.2789 


A -1 0 AC 

0.4395 


A AO 0 is. 

0.022* 


/"^ 1 A 

C12A 


0.5650 (3) 


A T 1 1 1 /'^\ 

0.3111 (2) 


0.3896 (2) 


A A'O A n /'n\ 

0,0247 (7) 


TT 1 TT~\ 

H12U 


A ^ /I A 

0.6494 


A T AA 1 

0.2991 


A O C AO 

0.3598 


A A"? 

0.037^ 


T T 1 OTI? 


A CO A C 

0.5845 


0.3216 


A /I C 1 0 

0.4518 


A A1 

0.03 /* 


TU 1 OT? 


A C2 /I O 

0.5348 


A '2 ^AO 

0.3698 


0.38/9 


A A"? 
0.03 /* 


rj c-i D 

BrlB 


A 1 1 1 A 1 

—0.11391 (i) 


U. 31688 (2) 


U. 56329 (2) 


A AO A z z tn\ 

U.U2455 (/) 


Br2B 


0.06858 (4) 


-0.00924 (3) 


0.18891 (2) 


0.03241 (9) 


Br3B 


0.51099 (3) 


0.18450(2) 


0.54894 (2) 


0.01948 (7) 


OIB 


-0.1658 (2) 


0.05465 (17) 


0.37834 (16) 


0.0261 (5) 


02B 


0.2856 (2) 


-0.03484 (15) 


0.37591 (14) 


0.0199 (5) 


03B 


0.1524(2) 


0.19733 (15) 


0.64356 (12) 


0.0183 (4) 
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/"^ 1 "D 


— (J.UU35 {5} 


U.ij4D (z) 


A CAAiC? /I C>\ 

0.0096 / (lo) 


A A 1 1 /I /C\ 

U.Oi j4 {j) 


CzB 


—{j.KjjZy (3) 


A ATAT /0\ 

O.U/0/ (z) 


A yllOOA /"I A\ 

U.4l5o9 (19) 


A A1 yn 

0.014/ (oj 


C3B 


0.0642 (3) 


0.0156 (2) 


0.37157 (18) 


A A1 /I /I //'\ 

0.0144 (6) 


C4B 


0.1936 (3) 


0.02553 (19) 


0.41748 (17) 


A A1 1 A /C\ 

0.0114 (5) 




U.zzoo (3) 


O.Oo /o / (iV) 


U.jUoz9 (1 /) 


A A 1 AA /'C^ 

0.0109 {j) 


C6B 


A 1 'I T A \ 

0.1270 (3) 


A 1 /I'^AA / I A\ 

0.14209 (19) 


0.55285 (17) 


A Alio C\ 

0.0113 (5) 


C7B 


-0.1125 (3) 


0.1851 (2) 


0.5607 (2) 


0.0206 (6) 


H7B1 


-0.0971 


0.1921 


0.6228 


A A'l C * 

0.025* 


H /rJz 


— U.ZU48 


A 1 y1 O O 


A COOO 

U.3J JO 


A AO C* 

0.0Z3^ 


C8B 


-0.1914 (4) 


A 11')') /')\ 

0.1133 (3) 


0.3320 (2) 


0.0293 (8) 


H8B1 


A 1 C 

-0.1553 


0.1828 


A O TA^ 

0.3706 


f\ f\ A A 

0.044* 


TTOm 

HoBz 


A OA 1 A 

—0.2919 


A 1 AC 1 

0.1U51 


ATI CA 

0.3159 


A A /I y1 sk 

0.044* 


H8B3 


f\ 1 A An 

—0.1447 


A AAT^ 

0.0922 


0.2777 


A A /I /I A 

0.044* 


C9B 


A A'^ C7 / 

0.0257 (4) 


A ACAA /0\ 

-0.0599 (2) 


A '>'70'^A /I A\ 

0.27820 (19) 


A A'^ 1 T /'TN 

0.0217 (7) 


H9B1 


-0.0753 


-0.0855 


0.2693 


A A'l sfc 

0.026* 


HyB2 


U.O /ol 


All CjC 

— O.lljo 


U.zooo 


A AT/;* 

0.026^ 


ClOB 


0.3755 (3) 


A AA-^ A /'^\ 

-0.0024 (2) 


0.3238 (2) 


A A 1 A /I /zr\ 

0.0194 (6) 


TT1 r\/~^ 

HlOG 


All AA 

0.3190 


A AACC 

0.0055 


0.2773 


A A'*\A* 

0.029* 


TT 1 ATT 


0.4353 


A AC 1 C 

-0.0515 


0.2958 


0.029* 


HIOI 


0.4335 


0.0609 


0.3626 


A A'^ A * 

0.029* 


CllB 


A C AA \ 

0.3590 (3) 


0.0895 (2) 


A CC^AA / 1 A\ 

0.55699 (19) 


A A 1 O 

0.0152 (6) 


HUE 


0.3846 


0.0227 


0.5317 


0.018* 


HllF 


0.3465 


0.1077 


0.6206 


0.018* 


C12B 


0.2247 (3) 


0.2960 (2) 


0.67127 (19) 


0.0209 (6) 


H12G 


0.3122 


0.2942 


0.6444 


0.031* 


H12H 


0.2448 


0.3279 


0.7365 


0.031* 


H12I 


0.1665 


0.3334 


0.6518 


0.031* 



Atomic displacement parameters (A^) 







jy22 








Ijii 


Brl 


0.00939 (14) 


0.02295 (15) 


0.02450 (15) 


0.00310(11) 


-0.00017(11) 


0.01013 (12) 


Br2 


0.02417(17) 


0.02506 (16) 


0.01819(14) 


0.00046 (13) 


0.00854 (12) 


0.00773 (12) 


Br3 


0.03147(19) 


0.01265 (14) 


0.02433 (15) 


0.00570 (12) 


0.01059 (13) 


0.00620 (12) 


01 


0.0178(11) 


0.0117(9) 


0.0171 (10) 


0.0015 (8) 


-0.0034 (8) 


0.0060 (8) 


02 


0.0115(10) 


0.0208 (10) 


0.0169 (10) 


0.0074 (8) 


-0.0018 (8) 


0.0036 (8) 


03 


0.0198(11) 


0.0181 (10) 


0.0131 (9) 


-0.0012 (8) 


0.0051 (8) 


0.0062 (8) 


CI 


0.0125 (14) 


0.0108(12) 


0.0069(11) 


0.0011 (10) 


-0.0031 (10) 


-0.0003 (10) 


C2 


0.0117(14) 


0.0109 (12) 


0.0092 (12) 


0.0011 (10) 


-0.0023 (10) 


0.0021 (10) 


C3 


0.0103 (13) 


0.0113 (12) 


0.0083 (11) 


-0.0005 (10) 


-0.0026 (10) 


0.0010(10) 


C4 


0.0102 (14) 


0.0156(13) 


0.0080(11) 


0.0029 (11) 


-0.0022 (10) 


0.0012(10) 


C5 


0.0141 (14) 


0.0113 (12) 


0.0075 (11) 


0.0029(10) 


-0.0027 (10) 


0.0013 (10) 


C6 


0.0132 (14) 


0.0143 (13) 


0.0066(11) 


0.0003 (11) 


-0.0007 (10) 


0.0020 (10) 


C7 


0.0120(14) 


0.0167(14) 


0.0123 (12) 


0.0034(11) 


0.0005 (11) 


0.0021 (11) 


C8 


0.0199(16) 


0.0198 (15) 


0.0185 (14) 


0.0040 (12) 


-0.0001 (12) 


0.0112 (12) 


C9 


0.0115(14) 


0.0187(14) 


0.0129(12) 


0.0001 (11) 


-0.0013 (11) 


0.0035 (11) 


CIO 


0.0176(16) 


0.0213 (15) 


0.0224 (15) 


0.0057 (13) 


0.0048 (13) 


0.0038 (12) 


Cll 


0.0217(16) 


0.0168 (14) 


0.0146(13) 


0.0059(12) 


0.0006 (12) 


0.0082(11) 


C12 


0.0196(16) 


0.0169(14) 


0.0225 (15) 


0.0004 (12) 


0.0047 (13) 


0.0083 (12) 


BrlA 


0.02175 (16) 


0.01827(14) 


0.02136(14) 


0.00848 (12) 


0.00611 (12) 


0.00893 (12) 
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rJrzA 


U.UiolD (1 /j 


A AO 1 1 1 /'I 

U.Uzllj (lo) 


0.0444 (2) 


A AA9AA CI lA 
U.UU/yU (13) 


A AA/^AA /I A\ 

— U.UU6yU (14) 


A AAAAO /I /lA 
U.UUUyO (14) 


BrJA 


U.Ui /o (zj 


V.UlZbZ (16) 


0.01586 (14) 


A A AO Al / 1 /I A 

—u.WZ4i (14) 


A AA^CCO /I 'J\ 

—V.WodZ (13) 


A AAOAO /I OA 

U.UUzU / (Iz) 


UlA 


U.UZD4 (i2) 


AA1/11 /1A\ 

0.U141 (lU) 


U.Uizj 




A AA/IA /OA 

U.UU4U (o) 


A AACO /OA 

O.UODz (6) 


A AAOA /OA 

U.UU/0 (o) 


r^o A 


r\ f\t /1 1 \ 
U.UlDi (11) 


A Al ^A /"! A\ 
U.Uloy (lU) 


A A004 


[lU) 


A AAIA COA 
U.UU3y (8) 


A AA77 /OA 

u.uu / / (y) 


A AA/^ 1 /CA 

U.UUol (o) 


UjA 


U.Uiy4 (i 1 j 


A Al ^1 /I r\\ 
U.U16 / (ID) 


A AOOO 
U.WZZo 


M n^ 

[lU) 


A AAAA CAA 

u.uuuu (y) 


A AA^O CAA 

— u.uuDz (y) 


A A 1 1 A /OA 

U.UI ly (y) 


1 A 

CiA 


u.uizy (14) 


A AAAA / 1 0\ 

U.UU90 (Iz) 


U.Uioz 


li-3) 


A A A 1 O /■ 1 AA 
U.UU13 (lU) 


A AAO 1 / 1 1 A 
U.UU31 (11) 


A AAOO / 1 AA 
U.UU/ / (10) 


A 

C2A 


(J.(Jlo4 (13) 


A AAAA /"I ^\ 
U.UUyO (Iz) 


U.U i iZ 


^19^ 


A AAAC /I AA 
— U.UUUD (10) 


A AAOA /1 1 A 
O.UOzy (11) 


A AACO /I AA 

U.WiZ (lU) 


/^l A 


U.Ulzl (14) 


A AAA/; /I 0\ 

u.uuy6 (iz) 


U.U14^ 


n 9^ 
[1/) 


A AA1 CI AA 
— U.UUiO (iU) 


A AA1 A CI 1 A 
— U.UUlU (11) 


A AA^ ^ CI AA 
U.UUDD (lU) 


/^/l A 

L-4A 


U.UlJj (14) 


A AAA"? /I OA 

u.uuy / (iz) 




1,13) 


A AA t 1 ^ 1 1 A 
U.UU13 (11) 


A f\r\A A / 1 1 A 

u.uu4y (11) 


A aa/;a / 1 AA 
U.UU6U (lU) 


cda 


U.Uiy4 (Id) 


A AAAA / 1 0\ 

U.UU90 (Iz) 


A A 1 OQ 


f 1 9A 

[IZ) 


A A AO O / 1 1 A 

—v.vvZZ (11) 


A A A 1 O / 1 1 A 

U.UUlo (11) 


A AA/1 C / 1 AA 
U.UU4D (lU) 


CoA 


(J.(ji4y (14) 


A AAAT /"I OA 

o.uoy/ (Iz) 


U.UlOz 


[13) 


A AA1 yl /"I 1 A 
— 0.UU14 (11) 


A AAAC /I 1 A 

—U.UUUD (11) 


A AAO 1 /I 1 A 

U.UUol (11) 


C / A 


u.uiD / (Id) 


U.UI /D (14) 


n 09'? 1 
vj.yjzj I 


[14) 


A AA 1 A /I OA 

u.uuiy (IZ) 


A AACO / 1 OA 

v.UvjZ (Iz) 


AA101 /10A 

U.Ulzl (Iz) 


CoA 


U.Uzjz (1 /) 


A Al A^ /I <A 

U.UiyD (ID) 


U.VLZV 


[13) 


A AAl 1 CI '2 A 
U.UU13 (13) 


A AAA/; CI OA 

— U.UUU6 (Iz) 


A AA'2Q CI 1 A 
U.UU30 (11) 


A 

cyA 


U.Ul /4 (ID) 


U.U1D6 (14) 


n ni 01 
u.uiy i 


[14) 


A AAOA / 1 O A 

U.UUzU (Iz) 


A AA 11 / 1 O A 

— U.UUll (Iz) 


A AAOO / 1 1 A 
U.UU/3 (11) 


1 A A 


u.Uzju (lo) 


A AO 1 ^ /I /C\ 

U.Uzl4 (16) 


A 0901; 


[ID) 


AA1AC it 1\ 

U.UIUd (13) 


A A A 1 A / 1 O A 

u.uuiy (13) 


A AA 1 O / 1 O A 

U.UUl / (Iz) 


CI iA 


A AO -1 T /I 

U.Uz4z (1 /) 


U.UlJj (1j) 


n ni fil 

U.UiOi 


[13) 


A AA 1 /: / 1 O A 

— U.UUlo (Iz) 


A AAAT / 1 OA 

U.UUU / (Iz) 


A AAC O / 1 1 A 

U.UUDo (11) 


CiZA 


A A1 /:/: /I /:\ 

(J.Uloo (lo) 


A AO'S '2 ^^ ^\ 

U.Uzjj (lo) 




U ') 


A AATO /I lA 

—\j.wi / (13) 


A AA/;7 / 1 '2A 

— U.UU6 / (13) 


U.U13D (14) 


BriB 


u.uzuyo (1 /) 


A Al A /"I /l\ 

O.U164y (14) 


U.U30 / J 


CI 7^ 
(i ') 


A r\r\nA o /i oa 
U.UU/4Z (Iz) 


A AAO A A /I ylA 

O.Ok) /W (14) 


A Al AAO /I ■SA 

U.UlOi) / (13) 


BriB 


(j.ujyj (Z) 


U.Uio / / (ly) 


A A] 7A1 
U.U 1 / U J 


("1 ^^ 

(ID) 


A A1AOC /I iCA 

— U.UlUzD (16) 


A AAOO 1 /I /I A 

—U.UU / / 1 (14) 


AA1COO ^ 1 A\ 

U.UlDoz (14) 


BrjB 


U.UUyjD (14) 


A AO'2 1 A /I ^A 
U.UZjlV (ID) 


A A9/;oi 


("I '^^ 

(ID) 


A AAA7^ CI 1 A 
— U.UUU /D (11) 


A AA 1 Q Q / 1 1 A 

— U.UU 1 OS (11) 


A Al Q AA /I OA 
V.VlJUV (Iz) 


UIB 


A A1 OA /"I 1 ^ 

U.UlzU (11) 


A AQ 1 A /I 0\ 

U.Ui lU (Iz) 


n n4i 1 

U.U4 i i 


k^J) 


A AA7 1 CAA 

— u.uu/1 (y) 


A Al 1 1 /I AA 
— U.Ulll (lU) 


A AO^Q CI 1 A 
U.UzDo (11) 


U2B 


u.uzoy (Iz) 


A Al TA /"I AA 
O.Ul /O (10) 


A noA'x 

U.UZ4.5 


C1 1 ^ 


A Al O/C /AA 

u.uiz6 (y) 


A A 1 0 1 /AA 

0.01 / I (y) 


A Al OA /AA 

u.uizy (y) 


UjB 


A AOCT /10\ 

U.UzD / (iz) 


A A 1 /I A\ 
U.UI / / (10) 


A Al AA 

U.U 1 uu 




A AAA'? /AA 

0.0003 (y) 


A AAO C /OA 

U.UU3D (o) 


A AACO /OA 

U.UUD3 (o) 


/-■111 
LIB 


A A1 A A ^^ A\ 

v.viw (14) 


A Al /I 

U.U14/ (13) 


n n9 1 n 

U.UziU 


U^) 


A AA'2'2 CI 1 A 
U.UU33 (11) 


A A A/; A /I 1 A 
U.UU6U (11) 


A Al 00 /I 1 A 
U.UlZZ (11) 


CzB 


A AAOA /! 

U.UUoU (IJ) 


A A1 ^A /"! ^\ 

U.UlDy (13) 


A n99<; 

U.UZZD 


[14) 


A AA^ 1 CI 1 A 
— U.UUDl (11) 


A AA/I A /1 1 A 
— U.UU4y (11) 


A A1 10 /I OA 
U.VljZ (Iz) 


C3B 


A A 1 nn / 1 c\ 
U.Ui / / (ID) 


A A10A 1\ 

V.VlZV (13) 


n ni 

U.UI JO 


M 9A 
[12) 


A A AO A / 1 1 A 

—u.uuZ'^ (11) 


A A A 1 C / 1 1 A 
— U.UUlD (11) 


A r\r\n^ / 1 i A 
U.UU/6 (11) 


C4B 


A A1'50 / T A\ 

U.UlJo (14) 


A A1AA /10\ 

U.UIUU (iz) 


n ni IS 

U.UI JO 


M 9^ 
[i/) 


A AAT 1 /I AA 
U.UU31 (lU) 


A AAC7 / 1 1 A 

U.UUd / (11) 


A AAO/; / 1 AA 
U.UU /6 (lU) 




A AAOA / I '2\ 
(J.UUyU (13) 


A Al Ol ^1 OA 

U.Ulz3 (Iz) 


n ni 41 

U.U141 


ri 9^ 
[1/) 


A AAA^ /I AA 
U.UUUD (lU) 


A AAOA CI AA 

O.vOZ'^ (lU) 


A AAQ/1 / 1 AA 

U.UUo4 (lU) 


CoB 


U.Ulj4 (14) 


A A1 1 A /! OA 

U.UllU (Iz) 


0.0102 


(12) 


A AAAO /1 AA 
V.WOZ (lU) 


A AAOQ C1AA 
\).\)\)Zo (lU) 


A f\f\^A /1 AA 

U.UUD4 (lU) 


C /B 


A A 1 C A /I 

U.UlDy (16) 


AA1AO 

u.uiy3 (Id) 


0.0349 


(17) 


A AAO O / 1 OA 

U.UUso (Iz) 


A A 1 A A / 1 O A 
U.UlUy (13) 


AA100 /lOA 

U.UI // (13) 


C8B 


0.0264 (19) 


0.0271 (17) 


0.0370 


(19) 


0.0033 (14) 


-0.0135 (15) 


0.0185 (15) 


C9B 


0.0324 (19) 


0.0172 (14) 


0.0141 


(13) 


-0.0042 (13) 


-0.0025 (13) 


0.0082 (12) 


ClOB 


0.0194(16) 


0.0219(15) 


0.0196 


(14) 


0.0071 (12) 


0.0093 (12) 


0.0098 (12) 


CUB 


0.0094 (14) 


0.0196(14) 


0.0203 


(14) 


0.0007(11) 


0.0004(11) 


0.0128(12) 


C12B 


0.0219(17) 


0.0184(15) 


0.0141 


(13) 


-0.0004 (12) 


-0.0008 (12) 


0.0002(11) 



Geometric parameters (A, °) 



Brl— C7 


1.979 (3) 


C3A— C9A 


1.488 (4) 


Br2— C9 


1.973 (3) 


C7A— H7A1 


0.9900 


Br3— Cll 


1.980 (3) 


C7A— H7A2 


0.9900 


01— C2 


1.382 (3) 


C8A— H8A1 


0.9800 


01— C8 


1.443 (3) 


C8A— H8A2 


0.9800 


02— C4 


1.374 (3) 


C8A— H8A3 


0.9800 


02— CIO 


1.441 (3) 


C9A— H9A1 


0.9900 


03— C6 


1.376 (3) 


C9A— H9A2 


0.9900 


03— C12 


1.437 (4) 


ClOA— HIOD 


0.9800 


CI— C6 


1.393 (4) 


ClOA— HlOE 


0.9800 


CI— C2 


1.397 (4) 


ClOA— HI OF 


0.9800 


CI— C7 


1.475 (4) 


CllA— HllC 


0.9900 
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L2 — C3 


1 1 (\1 ^ A\ 

1.393 (4) 


C3 — C4 


1.397 (4) 


C3 — C9 


1.483 (4) 


C4 — L5 


1.399 (4) 


C5 — Co 


1.390 (4) 


C5 — CU 


1 A r\A /' A\ 

1.491 (4) 


C7 — H7A 


A AAAA 

0.9900 


C7 — H7B 


A AAAA 

0.9900 


^ ' o T TO A 


A AOAA 

0.9800 


Co — H8B 


A AOAA 

0.9800 


C8 — H8C 


A AOAA 

0.9800 


C9 — H9A 


A AAAA 

0.9900 


C9 — H9B 


A AAAA 

0.9900 


1 A TT1 f\ A 

CIO — HlOA 


A AOAA 

0.9800 


CIO — HlOB 


0.9800 


CIO — HIOC 


A AOAA 

0.9800 


TT11A 

Cll — HllA 


A AAAA 

0.9900 


Cll — HUB 


A AAAA 

0.9900 


C12 — H12A 


A A O A A 

0.9800 


1 '1 TT1 TTJ 


A AOAA 

0.9800 


/~< 1 TT1 '^/"^ 

C12 — H12C 


0.9800 


BrlA — C7A 


1.963 (3) 


Ti O A /~" 1 1 A 

Br3A — Cll A 


1 ATT /ON 

1.977 (3) 


BrzA — CyA 


1.965 (3) 


03A — CoA 


1.375 (3) 


A A ' 1 A 

03A — C12A 


1.435 (4) 


02A — C4A 


1.373 (3) 


Oz A — C 1 OA 


1.433 (4) 


UlA — CzA 


1.378 (3) 


OlA — C8A 


1.441 (3) 


CIA — C2A 


1 T A 1 /,1 \ 

1.391 (4) 


CIA — CoA 


1.396 (4) 


CIA— C7A 


1.490 (4) 


C6A— C5A 


1.394 (4) 


C A /I A 

CjA — C4A 


1 O AC //IN 

1.395 (4) 


/~<C A 1 1 A 

L5A — Cll A 


1.488 (4) 


C4A — C3A 


1.394 (4) 


CiA — CzA 


1 '^C\A / A\ 

1.394 (4) 


C2 — Ol — C8 


113.5 (2) 


C4 — (Jz — C 1 U 


115.5 (2) 


Co — 03 — C12 


llo.z (z) 


Co — CI — C2 


1 1 T O /O \ 

117.8 (3) 


Co — CI — C / 


1/0. / (Z) 


C2— CI— C7 


121.4 (2) 


Ol— C2— C3 


118.7(2) 


01— C2— CI 


118.8(2) 


C3— C2— CI 


122.3 (2) 


C2— C3— C4 


117.8(2) 



CllA — HllD 


A AAAA 

0.9900 


C12A — H12D 


t\ C\Ci {\f\ 

0.9800 


C12A — ^H12E 


A AOAA 

0.9800 


C12A — ^H12F 


A AOAA 

0.9800 


Br IB — C7B 


1.974 (3) 


Br2B — C9B 


1.964 (3) 


Br3B — CllB 


1 ATI /ON 

1.973 (3) 


OIB — C2B 


1 O TO /O \ 

1.373 (3) 


Olb — CoB 


1.425 (4) 


02B — C4B 


1.366 (3) 


02B — CI OB 


1.437 (3) 


03B — C6B 


1 O Tl /O \ 

1.372 (3) 


U3B — ClzB 


1 AO / A\ 

1.433 (4) 


CIB — C6B 


1.397 (4) 


CIB — C2B 


1.398 (4) 


CIB — C7B 


1 yl O A / /I \ 

1.480 (4) 


CzB — C3B 


1 O A /I / /I \ 

1.394 (4) 


C3B — C4B 


1.397 (4) 


C3B — C9B 


1.483 (4) 


C4B — C5B 


1.396 (4) 


C5B — C6B 


1.394 (4) 


C5B — CllB 


1.478 (4) 


C7B — H7B1 


0.9900 


C7B — H7B2 


A AAAA 

0.9900 


/"^on TTOn 1 

C8B — ^H8B1 


A AOAA 

0.9800 


C8B — H8B2 


0.9800 


C8B — H8B3 


0.9800 


C9B — H9B1 


0.9900 


C9B — ^H9B2 


A AAAA 

0.9900 


ClOB — HlOG 


0.9800 


ClOB — HIOH 


0.9800 


ClOB— HIOI 


0.9800 


CllB — ^HllE 


A AAAA 

0.9900 


CllB— HllF 


0.9900 


/—I 1 T T 1 /—I 

C12B — H12G 


0.9800 


1 '^T^ TT1 '^TT 

C12B — ^Hl2H 


A AOAA 

0.9800 


1 '^T^ TT 1 /^T 

C12B — ^Hl2I 


A AOAA 

0.9800 


TT1 '^T^ I*"** TTI'^T^ 

H12D — C12A — ^H12E 


109.5 


03 A — C12A — H12F 


109.5 


H12D — C12A — H12F 


109.5 


TT1 '^T"' /~" 1*^* TTI'^T^ 

H12E — C12A — ^H12F 


109.5 


C5A— CllA— Br3A 


112.86 (1 


C5A— CllA— H lie 


109.0 


Br3A— CllA— HllC 


109.0 


C5A— CllA— HllD 


109.0 


Br3A— CllA— HllD 


109.0 


HllC— CllA— HllD 


107.8 
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/^n 

C2 — C3 — L9 


1 OA '? /1\ 

120.3 (2) 


L4 — C3 — C9 


121.0 (3) 


02 — C4 — C3 


119.9 (2) 


02 — C4 — C5 


118.3 (2) 


C3 — C4 — C5 


121.0 (3) 


Co — C5 — C4 


118.4 (2) 


Co — C5 — C 1 1 


121.3 (2) 


C4 — C5 — Cll 


120.2 (3) 


03 — Co — C5 


1 '^A 

IzO.o (z) 


03 — Co — Cl 


1 1 T 0 /O \ 

117.2 (2) 


C5 — Co — Cl 


122.0 (2) 


Cl — C7 — Brl 


111 ^ A /10\ 

111.74 (18) 


Cl — C7 — H7A 


1 AA 1 

109.3 


Ti—I /"IT Ty? A 

Brl — C7 — H7A 


1 AA T 

109.3 


Cl — C7 — H7B 


109.3 


Brl — C7 — H7B 


109.3 


TTT A i~^n TTTFl 

H7A — C7 — H7B 


107.9 


/-~\ 1 f^O TTO A 

01 — C8 — H8A 


1 AA ^ 

109.5 


01 — C8 — H8B 


109.5 


TTO A r~^0 TTOT^ 


1 AA C 

109.5 


i~^0 TTO/~i 

01 — Co — H8C 


1 Art c 

109.5 


TTO A f^O TTO/~l 

H8A — C8 — ^H8C 


1 AA C 

109.5 


H8B — C8 — H8C 


109.5 


/~^C\ T~)— 'I 

C3 — C9 — Br2 


1 1 'J T T /I A\ 

113.33 (19) 


/"'T TTrt A 

C3 — C9 — ^H9A 


1 AO A 

108.9 


Br2 — C9 — H9A 


108.9 


C3 — C9 — H9B 


108.9 


Brz — C9 — HyB 


1 AO A 

108.9 


TTf^ A /^C\ TTI^Ti 


win 


1 A T T 1 A 

02 — C 1 0 — H 1 OA 


109.5 


1 A TTIAT^ 


1 AA C 

109.5 


TT1 A A /~1 1 A TT1 AT^ 

HlOA — CIO — ^HlOB 


1 AA C 

109.5 


02 — CIO — ^HIOC 


1 AA C 

109.5 


HlOA — CIO — HIOC 


109.5 


TT 1 AT^ A f\ T T 1 A/"" 

HlOB — CIO — HIOC 


109.5 


C5 — Cll — Br3 


111 1 T /I 0\ 

111.17 (18) 


^1 1 TT1 1 A 

C5 — Cll — HllA 


109.4 


r~> -f /- ■> I 1 T T 1 1 A 

Br3 — Cll — HllA 


109.4 


C5 — Cll — HUB 


109.4 


T*_'> 1 1 TT1 1 Ti 

Br3 — Cll — ^HllB 


1 AA A 

109.4 


TT 1 1 A 1-1 T T 1 1 "n 

HllA — Cll — HUB 


108.0 


03 — C12 — ^H12A 


109.5 


U3 — C12 — ^H12B 


1 AA C 

109.5 


HlzA — Cl/ — HlzB 


1 AA C 


03— C 12— H 12c 


109.5 


H12A— C12— H12C 


109.5 


H12B— C12— H12C 


109.5 


C6A— 03A— C12A 


116.2(2) 


C4A— 02A— ClOA 


114.8(2) 



A 1 A A TT1 ATA 

02 A — C 1 OA — H 1 OD 


109.5 


/^'l A 1 A A TT1 AT^ 

02 A — ClOA — HlOE 


109.5 


T T 1 ATA 1 A A T T 1 AT"" 

HIOD — ClOA — HlOE 


109.5 


/~\'^ A 1 A A TT1 AT^ 

02 A — ClOA — ^HIOF 


109.5 


TT1 ATA /~" 1 A A TT1 AT^ 

HIOD — ClOA — HI OF 


109.5 


HlOE — ClOA — HIOF 


109.5 


A y~^A A T~» 1 A 

C3A — C9A — ^Br2A 


11'^ OA / 1 A\ 

112.80 (19) 


C3A — C9A — H9A1 


109.0 


r-) \ f ' i\ \ TTA A 1 

Br2A — C9A — H9A1 


109.0 


C3A — C9A — H9A2 


109.0 


T^ ""^ A /~1A A TTA A ^ 

Br2A — C9A — ^H9A2 


109.0 


H9 A 1 — C9 A — H9 A2 


107.8 


1 A /^O A TTO A 1 

OlA — C8A — H8A1 


109.5 


A /"'O A TTO A 

OlA — C8A — H8A2 


1 AA C 

109.5 


TTO A 1 O A TTO A ^ 

H8A1 — C8A — H8A2 


109.5 


1 A O A TTO A 

OlA — C8A — H8A3 


109.5 


TTO A 1 /^O A TTO A 1 

HoAl — CoA — HoAi 


1 AA C 

109.5 


TTO A /~<0 A TTO A 

H8A2 — C8A — H8A3 


1 AA n 

109.5 


C2B — OIB — C8B 


116.6 (2) 


C4B — OzB — C 1 OB 


116.1 (2) 


CoB — (J3B — C12B 


115.2 (2) 


CoB — C 1 B — C2B 


1 1 O A /">\ 

118.0 (3) 


C oB — C 1 B — C 7B 


120.6 (3) 


C2B — CIB — C7B 


121.1 (3) 


OIB — C2B — C3B 


1 1 A /I /TX 

iiy.4 (3) 


1 T~> /^OT~i /"^ 1 T^ 

0 1 B — C2B — C 1 B 


1 1 O *) /T \ 

118.3 (3) 


C3B — C2B — CIB 


121.9 (3) 


C2B — C3B — C4B 


118.1 (2) 


C2B — C3B — C9B 


1 '^A A /TN 

120. y (3) 


C4B — C3B — C9B 


120.6 (3) 


02B — C4B — C5B 


1 1 O A /'^\ 

118.0 (2) 


02B — C4B — C3B 


119.7 (2) 


C5B — C4B — C3B 


121.9 (3) 


C 6B — C 5 B — C4B 


118.1 (3) 


CoB — C5B — CUB 


121.1 (2) 


C4B — C5B — CUB 


1 '^A ^7 /'^\ 

120.7 (2) 


03B — C6B — C5B 


119.1 (2) 


03B — C6B — CIB 


118.6 (2) 


C5B — C6B — CIB 


122.0 (2) 


C 1 B — C7B — Brl B 


1 1 A A /I A\ 

113.00 (19) 


C 1 B — C 7B — H7B 1 


109.0 


Br 1 B — C7B — H7B 1 


109.0 


/~1 1 T^ f~^^T\ TTTT^i^ 

C 1 B — C7B — H7B2 


109.0 


BrlB— C7B— H7B2 


109.0 


H7B1— C7B— H7B2 


107.8 


OIB— C8B— H8B1 


109.5 


OIB— C8B— H8B2 


109.5 


H8B1— C8B— H8B2 


109.5 


OIB— C8B— H8B3 


109.5 
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C2A— OlA— C8A 
C2A— CIA— C6A 
C2A— CIA— C7A 
C6A— CIA— C7A 
03A— C6A— C5A 
03A— C6A— CIA 
C5A— C6A— CIA 
C6A— C5A— C4A 
C6A— C5A— CllA 
C4A— C5A— CllA 
02A— C4A— C3A 
02A— C4A— C5A 
C3A— C4A— C5A 
C2A— C3A— C4A 
C2A— C3A— C9A 
C4A— C3A— C9A 
OlA— C2A— CIA 
OlA— C2A— C3A 
CIA— C2A— C3A 
CIA— C7A— BrlA 
CIA— C7A— H7A1 
BrlA— C7A— H7A1 
CIA— C7A— H7A2 
BrlA— C7A— H7A2 
H7A1— C7A— H7A2 
03A— C12A— H12D 
03A— C12A— H12E 



112.6(2) 
117.8(3) 
121.3 (2) 
120.9 (3) 
119.3 (2) 
118.6(3) 

122.0 (3) 

118.1 (2) 

120.7 (3) 

121.0 (3) 

118.1 (3) 

120.2 (2) 
121.6 (3) 

118.3 (3) 
120.9 (2) 

120.8 (3) 
119.2(2) 
118.6(2) 
122.1 (2) 
113.43 (18) 
108.9 
108.9 
108.9 
108.9 
107.7 
109.5 
109.5 



H8B1— C8B— H8B3 
H8B2— C8B— H8B3 
C3B— C9B— Br2B 
C3B— C9B— H9B1 
Br2B— C9B— H9B1 
C3B— C9B— H9B2 
Br2B— C9B— H9B2 
H9B1— C9B— H9B2 
02B— ClOB— HlOG 
02B— ClOB— HIOH 
HlOG— ClOB— HIOH 
02B— ClOB— HlOl 
HlOG— ClOB— HIOI 
HIOH— ClOB— HIOI 
C5B— CUB— Br3B 
C5B— CUB— HUE 
Br3B— CUB— HUE 
C5B— CUB— HllF 
Br3B— CUB— HUF 
HUE— CUB— HllF 
03B— C12B— H12G 
03B— C12B— H12H 
H12G— C12B— H12H 
03B— C12B— H12I 
H12G— C12B— H12I 
H12H— C12B— H12I 



109.5 
109.5 

113.29(19) 

108.9 

108.9 

108.9 

108.9 

107.7 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

111.49(18) 

109.3 

109.3 

109.3 

109.3 

108.0 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 



C8— 01— C2— C3 
C8— Ol— C2— CI 
C6— CI— C2— 01 
C7— CI— C2— 01 
C6— CI— C2— C3 
C7— CI— C2— C3 
Ol— C2— C3— C4 
CI— C2— C3— C4 

01— C2— C3— C9 
CI— C2— C3— C9 
CIO— 02— C4— C3 
CIO— 02— C4— C5 
C2— C3— C4— 02 
C9— C3— C4— 02 
C2— C3— C4— C5 
C9— C3— C4— C5 

02— C4— C5— C6 
C3— C4— C5— C6 
02— C4— C5— Cll 
C3— C4— C5— Cll 
C12— 03— C6— C5 



-99.1 (3) 
85.4 (3) 
178.4 (2) 
2.1 (4) 
3.1 (4) 
-173.1 (2) 
-177.8 (2) 
-2.6(4) 
-3.3 (4) 
172.0 (2) 
85.7 (3) 
-99.5 (3) 
174.9 (2) 
0.4 (4) 
0.2 (4) 
-174.3 (2) 
-173.3 (2) 
1.5 (4) 
2.8 (4) 
177.6 (2) 
80.3 (3) 



02A— C4A— C3A— C9A 5.3 (4) 

C5A— C4A— C3A— C9A -178.7 (2) 

C8A— OlA— C2A— CIA 87.6 (3) 

C8A— OlA— C2A— C3A -95.8 (3) 

C6A— CIA— C2A— OlA 179.9 (2) 

C7A— C 1 A— C2A— 0 1 A 0.9 (4) 

C6A— CIA— C2A— C3A 3.4 (4) 

C7A— CIA— C2A— C3A -175.6(2) 

C4A— C3A— C2A— OlA -179.8 (2) 

C9A— C3A— C2A— OlA -1.0(4) 

C4A— C3A— C2A— CIA -3.3 (4) 

C9A— C3A— C2A— CIA 175.6 (2) 

C2A— CIA— C7A— BrlA -101.2(3) 

C6A— CIA— C7A— BrlA 79.8 (3) 

C6A— C5A— CllA— Br3A 90.0(3) 

C4A— C5A— CllA— Br3A -94.2(3) 

C2A— C3 A— C9A— Br2A 1 0 1 .2 (3) 

C4A— C3A— C9A— Br2A -80.0 (3) 

C8B— OIB— C2B— C3B -90.8 (3) 

C8B— OIB— C2B— CIB 95.9 (3) 

C6B— CIB— C2B— OIB 173.1 (2) 
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C 1 Z — U3 — Co — C 1 


— 104.Z (3) 


C/B — C 1 B — CzB — U 1 B 


1 r\ f A \ 

-1.0 (4) 


C4 — C5 — Co — 03 


174.3 (2) 


C6B — C IB — C2B — C3B 


-0.1 (4) 


C 1 1 — C5 — Co — 03 


-1.7 (4) 


C7B — C 1 a — C2B — C3B 


—174.2 (2) 


C4 — L5 — Co — C 1 


—0.9 (4) 


UIB — C2B — C3B — C4B 


—173.0 (2) 


C 1 1 — C5 — Co — C 1 


—176.9 (2) 


1 1 ") / '"111 / - T 1 ^ / - ( T \ 

C 1 B — C2B — C3 B — C4B 


A 1 { A\ 

0.1 (4) 


C2 — CI — Co — 03 


-\lb.l (2) 


OIB — CzB — C3B — C9B 


-0.1 (4) 


\J1 — CI — Co — 03 


-0.5 (4) 


C 1 B — CzB — C3B — C9B 


173.0 (2) 


C2 — C 1 — Co — C5 


-1.3 (4) 


1 ATI /^1T) /^/1T) /^CT~> 

C 1 UB — (JZB — C4B — C5B 


1 AA £. 

-100.6 (3) 


r^n r^£. r^z 
C / — C 1 — Co C J 


1 /4.y (z) 


C 1 OB — UZB — C4B — C3B 


oo. / (3) 


Co — C 1 — C7 — Br 1 


83.0 (3) 


CZB — C3B — C4B — OzB 


1 T? A /"OX 

173.0 (2) 


C2 — CI — C7 — Brl 


-100.3 (3) 


C9B — C3B — C4B — 02B 


A 1 f A\ 

0.1 (4) 


C2 — C3 — C9 — Br2 


88.5 (3) 


C2B — C3B — C4B — C5B 


0.5 (4) 


C4 — C3 — Cy — Br2 


-97.1 (3) 


/~^AT~* /^TT~> /^/ITJ /~*CT~> 

CyB — C3B — C4B — C5B 


-172.4 (2) 


Co — C5 — C 1 1 — Br3 


—95.2 (3) 


UzB — C4B — C5B — CoB 


-173.8 (2) 


C4 — C 5 — C 1 1 — Br3 


o o o \ 

88.8 (3) 


C3B — C4B — C5B — C6B 


-1.1 (4) 


C12A — 03A — CoA — C5A 


O A A \ 

-89.9 (3) 


02B — C4B — C5B — CI IB 


1.5 (4) 


C i z A — (J3 A — CoA — C 1 A 


AO A t1\ 

93.9 (3) 


C3B — C4B — C5B — CI IB 


174.1 (2) 


C2A — CIA — CoA — 03A 


175.7 (2) 


C12B — 03B — C6B — C5B 


88.6 (3) 


C7A — CIA — CoA — 03A 


-5.4 (4) 


C 1 2B — 03B — C6B — C IB 


AT T /ON 

-97.7 (3) 


CzA — C 1 A — CoA — C5 A 


f\ A / A\ 

—0.4 (4) 


C4B — C5B — CoB — 03B 


174.6 (2) 


C7A — CIA — CoA — C5A 


1 no £. 

178.0 (2) 


CUB — C5B — CoB — (J3B 


f\ /I / A\ 

—0.6 (4) 


03A — CoA — C5A — C4A 


-178.6 (2) 


C4B — C5B — C6B — C 1 B 


1.2(4) 


CIA — CoA — C5A — C4A 


-2.5 (4) 


Cll B — C 5 B — C 6B — C 1 B 


1 T /I 1 /'^\ 

-174.1 (2) 


(J3A — CoA — C5A — Cll A 


£. i A\ 

-2.6 (4) 


CzB — C 1 B — CoB — 03B 


^ n A A /'^\ 

—174.0 (2) 


CIA — CoA — C5A — Cll A 


173.4 (2) 


C7B — C 1 B — CoB — 03B 


A 1 / A\ 

0.1 (4) 


CI OA — 02A — C4A — C3A 


-95.9 (3) 


C2B — CIB — C6B — C5B 


-0.6 (4) 


C • 1 A A /^'^ A f ' A A C A 

CI OA — 02A — C4A — C5A 


88.1 (3) 


C7B — CIB — C6B — C5B 


173.6 (2) 


CoA — CD A — C4A — UzA 


i /8.6 (z) 


C6B — CIB — C /B — BrlB 


93.5 (3) 


CI 1 A— C5A— C4A— 02A 


2.6(4) 


C2B— CIB— C7B— BrlB 


-92.5 (3) 


C6A— C5A— C4A— C3A 


2.7 (4) 


C2B— C3B— C9B— Br2B 


93.7 (3) 


C 1 1 A— C5A— C4A— C3A 


-173.3 (2) 


C4B— C3B— C9B— Br2B 


-93.5 (3) 


02A— C4A— C3A— C2A 


-175.8 (2) 


C6B— C5B— CUB— Br3B 


-97.1 (3) 


C5A— C4A— C3A— C2A 


0.1 (4) 


C4B— C5B— CI IB— Br3B 


87.8 (3) 



Hydrogen-bond geometry (A, °) 



D—R-A 


D— H 


R-A 


D-A 


D—H-A 


C8.4— H8^1-BrU 


0.98 


2.91 


3.787 (3) 


150 


C8— H8^ -Brl 


0.98 


2.84 


3.702 (3) 


148 


C8— H8C-Br2 


0.98 


2.86 


3.670 (3) 


140 


C75— H752-Br3S' 


0.99 


2.92 


3.665 (3) 


133 


CIO— H10^"Br2 


0.98 


2.85 


3.717(3) 


149 


CIO— H10C-Br3 


0.98 


2.89 


3.673 (3) 


138 


C10.4— H10Z>"Br3.4 


0.98 


2.78 


3.659 (4) 


149 


ClOS— H10G-Br2S 


0.98 


2.72 


3.606 (3) 


151 


C105— HIO/- •■Br35 


0.98 


2.86 


3.663 (3) 


140 


Cll— H115-0U" 


0.99 


2.55 


3.429 (4) 


148 
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C8S— H8S3-Br2S 0.98 2.85 3.697 (4) 146 

C12S— H12G-Br3fi 0.98 2.83 3.702(3) 149 

Symmetry codes: (i)x-l,y, z; (ii) -x+1, -y+l, -z. 
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